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(57) ABSTRACT

An apparatus for measuring calories consumed during sleep
comprises determination means for determiming a breathing/
heartbeat oscillation, a body motion and an the intensity of the
body motion, coelficient calculation means for calculating a
coellicient which 1s a reference value for calculating calories
consumed during sleep, based on the signals 1n a given period
ol breathing/heartbeat oscillation and a sleep metabolic rate,
consumed calorie calculation means for calculating calories
consumed during sleep, based on consumed calories accord-
ing to the magnitude of each signal and the coelficient, and
storage means for storing various arithmetic expressions in
advance. Accordingly, the present apparatus makes 1t possible
to acquire calories consumed by the motions of the body of an
individual subject 1n more detail and to measure calories
consumed during sleep more accurately.

2 Claims, 9 Drawing Sheets
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FIG. 1




U.S. Patent Mar. 30, 2010 Sheet 2 of 9 US 7,686,772 B2

5 9 i«

‘| CALORIE -
.| CALCULATION |:
.| SECTION

: ST
|

: 4 peicoc: - 11

‘ “QEERATOY
l |

l - :

| SR &
'\ DETERMINATION | E DISPLAY
|| SECTION N SECTION
| ‘| CONSUMED | T

= :

] )

' |

| "

| ;

:

|

I

I

|

I

|

I

| :

I

. ’ |
ARITHMETIC | |
CONTROL SECTION 5 1| OPERATION | |
CTION __ [\reoerricEnT 1 i SECTION |
!

l |

' |

I

I

I

|

!

!

!

|



U.S. Patent Mar. 30, 2010 Sheet 3 of 9 US 7,686,772 B2

FIG. 3
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FIG. OA FIG. 5B
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APPARATUS FOR MEASURING CALORIES
CONSUMED DURING SLEEP

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to an apparatus for measuring,
calories consumed during sleep.

(1) Description of the Related Art

Heretofore, 1n a technology disclosed as an apparatus that
controls a sleep environment including sleep environment
temperature based on the body condition of a user of the
apparatus (hereinafter simply referred to as “user™), a tech-
nique of calculating calories consumed during sleep from the
bioelectrical impedance value, body weight value and infor-
mation about body oscillations during sleep of the user has
been disclosed (for example, refer to Patent Publication 1).

Further, 1n the same technology as described above, a tech-
nique of calculating consumed calories from the skin tem-
perature and sleep stage during sleep of a user has been
disclosed (for example, refer to Patent Publication 2).
Patent Publication 1

Japanese Patent Laid-Open Publication No. 2003-164496
Patent Publication 2

Japanese Patent Publication No. 7-114142

However, 1n the technique described 1n Patent Publication
1 which estimates information about body oscillations during
sleep from a respiration rate and a heart rate, since the inten-
sities (magnitudes) of respiration and heartbeats are not con-
stant, e.g. consumed calories calculated based on deep breath-
ing and consumed calories calculated based on shallow
breathing cannot be said to be the same consumed calories
even when the number of breaths 1s the same, 1t 1s difficult in
some cases to calculate accurate consumed calories only from
body oscillation information based on the respiration rate and
the heart rate.

Further, in the technique described 1n Patent Publication 2
which uses a correlation between consumed calories and
sleep stages, since 1t does not take 1nto consideration differ-
ences 1n consumed calories at each sleep stage among 1ndi-
viduals, 1t cannot be said that accurate consumed calories are
calculated by the technique.

Therelore, the present invention solves the above problems
and provides an apparatus for measuring calories consumed
during sleep. The apparatus measures more accurate con-
sumed calories during sleep by determining the magnitudes
of body oscillations during sleep and determining calories
consumed during sleep from consumed calories based on
both body oscillations caused by breathing during sleep and
body oscillations caused by heartbeats during sleep (herein-
alter referred to as “breathing/heartbeat oscillations™) and
consumed calories based on the intensities of body oscilla-
tions (hereiafter referred to as “body motions™) other than
the above breathing/heartbeat oscillations during sleep.

SUMMARY OF THE INVENTION

To solve the above problems, the present invention pro-
vides an apparatus for measuring calories consumed during,
sleep which comprises:
input means,
detection means,
calculation means,
determination means,
coefficient calculation means,
consumed calorie calculation means, and

storage means,
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2

wherein

the input means inputs the body information of a subject,

the detection means detects body oscillations during sleep,

the calculation means calculates consumed calories based on
the body oscillations,

the determination means determines whether each signal of
body oscillation during sleep 1s a signal of breathing/heart-
beat oscillation or a signal of body motion and determines
the 1intensity of the body motion,

the coeflicient calculation means calculates a coefficient
which 1s a reference value for calculating calories con-
sumed during sleep, based on the signals 1n a given period
ol breathing/heartbeat oscillation and a sleep metabolic
rate which 1s obtained based on the input body information,
the consumed calorie calculation means calculates calories
consumed during sleep, based on consumed calories
according to the magnitude of the signal of breathing/
heartbeat oscillation, consumed calories according to the
magnitude of the signal of body motion of each intensity
and the coeflicient,

the storage means stores at least thresholds for making deter-
minations in the determination means, an arithmetic
expression for calculating the coefficient and an arithmetic
expression for calculating the calories consumed during
sleep 1n advance.

Further, the consumed calorie calculation means calculates
an area formed by the waveform of each signal and a baseline
which 1s a basis for waveform formation as the magnitude of
cach signal.

Further, the consumed calorie calculation means calculates
consumed calories according to the magnitude of the signal of
body motion of each mtensity, based on the total of sampling
zones for each body motion intensity and the total of the areas.

An apparatus for measuring calories consumed during
sleep according to the present invention comprises:
input means,
detection means,
calculation means,
determination means,
coelficient calculation means,
consumed calorie calculation means, and

storage means,

wherein

the input means 1nputs the body information of a subject,
the detection means detects body oscillations during sleep,

the calculation means calculates consumed calories based on
the body oscillations,

the determination means determines whether each signal of
body oscillation during sleep 1s a signal of breathing/heart-
beat oscillation or a signal of body motion and determines
the 1intensity of the body motion,

the coellicient calculation means calculates a coelficient
which 1s a reference value for calculating calories con-
sumed during sleep, based on the signals 1n a given period
ol breathing/heartbeat oscillation and a sleep metabolic
rate which 1s obtained based on the input body information,

the consumed calorie calculation means calculates calories
consumed during sleep, based on consumed calories
according to the magnitude of the signal of breathing/
heartbeat oscillation, consumed calories according to the
magnitude of the signal of body motion of each intensity
and the coeflicient,

the storage means stores at least thresholds for making deter-

minations in the determination means, an arithmetic

expression for calculating the coefficient and an arithmetic

expression for calculating the calories consumed during
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sleep 1n advance. Accordingly, the present apparatus makes
it possible to acquire calories consumed by the motions of
the body of an individual subject in more detail and to
measure calories consumed during sleep more accurately.
Further, the consumed calorie calculation means calculates
an area formed by the waveform of each signal and a baseline
which 1s a basis for waveform formation as the magnitude of
cach signal. In addition, the consumed calorie calculation
means calculates consumed calories according to the magni-
tude of the signal of body motion of each intensity, based on
the total of sampling zones for each body motion intensity and
the total of the areas. Consequently, the present apparatus
makes 1t possible not only to measure calories consumed
during sleep more accurately but also to make a highly reli-
able determination even when 1t 1s used as a parameter for
determining a so-called sleep period or sleep quality.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an external perspective view of a present appara-
tus 1.

FIG. 2 1s ablock diagram showing a brief description of the
electrical circuit configuration of the present apparatus 1.

FI1G. 3 1s a flowchart 1llustrating main operations 1n a main
routine.

FI1G. 4 1s a flowchart 1llustrating operations 1n a subroutine
for calculation of consumed calories based on body oscilla-
tions during sleep.

FIGS. 5(a) to 5() are diagrams illustrating display
examples.

FIG. 6 1s a diagram 1llustrating determination of the inten-
sty of body motion based on the magnitude of a body motion
signal.

FIG. 7 1s a diagram 1illustrating an example of the wave-
forms of body motion signals.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An apparatus for measuring calories consumed during
sleep according to the present invention comprises:

input means,

detection means,

calculation means,

determination means,

coelficient calculation means,

consumed calorie calculation means, and

storage means,

wherein
the input means inputs the body information of a subject,
the detection means detects body oscillations during sleep,

the calculation means calculates consumed calories based on
the body oscillations,

the determination means determines whether each signal of
body oscillation during sleep 1s a signal of breathing/heart-
beat oscillation or a signal of body motion and determines
the intensity of the body motion,

the coellicient calculation means calculates a coetlicient
which 1s a reference value for calculating calories con-
sumed during sleep, based on the signals 1n a given period
of breathing/heartbeat oscillation and a sleep metabolic
rate which 1s obtained based on the input body information,

the consumed calorie calculation means calculates calories
consumed during sleep, based on consumed calories
according to the magnitude of the signal of breathing/

5

10

15

20

25

30

35

40

45

50

55

60

65

4

heartbeat oscillation, consumed calories according to the

magnitude of the signal of body motion of each intensity

and the coeflicient,

the storage means stores at least thresholds for making deter-
minations 1n the determination means, an arithmetic
expression for calculating the coefficient and an arithmetic
expression for calculating the calories consumed during
sleep 1n advance.

Further, the consumed calorie calculation means calculates
an area formed by the wavelorm of each signal and a baseline
which 1s a basis for wavelform formation as the magnitude of
cach signal. In addition, the consumed calorie calculation
means calculates consumed calories according to the magni-
tude of the signal of body motion of each intensity, based on
the total of sampling zones for each body motion intensity and
the total of the areas.

EXAMPLE 1

Hereinatter, an apparatus 1 for measuring calories con-
sumed during sleep which 1s an example of the present inven-
tion (hereinafter referred to as “present apparatus 17°) will be
described by use of the drawings. First, the constitution of the
present apparatus 1 will be described by use of FIGS. 1 and 2.
FIG. 11s an external perspective view of the present apparatus
1. FIG. 2 1s a block diagram showing a brief description of
clectrical circuit configuration.

The present apparatus 1 comprises a mat-type detection
section 2 (hereinafter referred to as “detection section 27°) for
detecting body oscillations including the above breathing/
heartbeat oscillations and body motions of a human body
lying on bedding and a control section 3. The control section
3 comprises a CPU 9. The CPU 9 comprises a control section
4 which controls the present apparatus 1, a determination
section 5 which determines whether the above detected body
oscillation 1s a breathing/heartbeat oscillation or a body
motion and determines the intensities of a waveform signal of
the above breathing/heartbeat oscillation (heremafter
referred to as “breathing/heartbeat oscillation signal™) and a
wavelorm signal of the above body motion (hereinafter
referred to as “body motion signal™), a coellicient calculation
section 6 which calculates a coeflicient corresponding to a
reference value for calculating consumed calories, a con-
sumed calorie calculation section 7 which calculates con-
sumed calories for each measurement epoch based on the
intensity of the body motion signal, and an arithmetic section
8 which performs various calculations. Although not shown
in the drawings, the CPU 9 also comprises a counter which 1s
known counting means and a timer which 1s known timing
means. Further, in the control section 3, the above CPU 9 1s
connected to a storage section 10 which stores input ID reg-
1stration information, detected body oscillation signals, vari-
ous signals such as breathing/heartbeat oscillation signals and
body motion signals, criteria for various determinations on
the body motion signals and calculated consumed calone
values, an operation section 11 which comprises a body infor-
mation mput section and a measurement start/end switch, a
display section 12 which displays measurement guidance,
determination results or calculation results and a power
source 13. Further, the CPU 9 is connected to the detection
section 2 via a known signal processing filter 14 and A/D
converter 13.

Next, the operations of the present apparatus 1 will be
described by use of FIGS. 3 to 6. FIG. 3 1s a flowchart
illustrating main operations in a main routine. FIG. 4 1s a
flowchart illustrating operations 1n a subroutine for calcula-
tion of consumed calories based on body oscillations during
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sleep. FIGS. 3(a) to 3(j) are diagrams illustrating display
examples. FIG. 6 1s a diagram 1illustrating determination of
the intensity ol body motion based on the magnitude of abody
motion signal.

First, operations 1n the main routine of the present appara-
tus 1 will be described with reference to the tlowchart of FIG.
3. When the power of the present apparatus 1 1s turned on,
initialization of measurement system 1s performed in STEP
S1, and 1t 1s determined in STEP S2 whether an ID for per-
sonal authentification has been registered. For example, 1t 1s
determined whether an ID number selected from a number of
ID numbers displayed as 1n the display example of FI1G. 5(a)
by use of the operation section 11 has been registered. When
the selected ID number has been registered, registered infor-
mation corresponding to the selected ID number 1s retrieved
from the storage section 10 1n STEP S4. Meanwhile, when an
unregistered ID number or “First” which 1s selected when a
user conducts a measurement by the present apparatus 1 for
the first time has been selected, a user enters body information
by use of the operation section 11 1n accordance with guid-
ance as 1n the display examples of FIGS. 5(b) to 5(g) for ID
registration in STEP S3. Upon completion of the registration,
the registered information 1s retrieved as in the display
example of FIG. 5(#) in STEP S4. In the present example,
body information required for ID registration comprises sex,
age, height and weight.

In subsequent STEP S5, metabolic rates at each sleep
stage, 1.e. a basal metabolic rate (hereinafter referred to as
“BMR”) (kcal/min) and a sleep metabolic rate (hereinafter
referred to as “SMR”) (kcal/min), are calculated based on the
above retrieved body information in the arithmetic section 8.
Since these calculations are known, descriptions thereof are
omitted.

After completion of the calculations, guidance 1s displayed
as 1n the display example of FIG. 5(i) and it 1s determined
whether a measurement start operation has been performed in
the operation section 11 1n STEP S6. When the measurement
start operation has not been performed, 1t 1s determined 1n
STEP 57 whether predetermined time has elapsed. When the
predetermined time has not elapsed, determination of the
measurement start operation 1s repeated in STEP S6, while
when the predetermined has elapsed, the power 1s turned off
automatically, thereby ending the operations of the present
apparatus 1. Meanwhile, when 1t has been determined 1n the
above STEP S6 that the measurement start operation has been
performed, a subroutine for calculation of consumed calories
based on body oscillations during sleep that will be described
later by use of the tlowchart of FIG. 4 1s executed. At that time,
a message 1s displayed as 1n the display example of FI1G. 5(7).
After completion of the subroutine, 1t 1s determined in STEP
S9 whether a measurement ending operation has been per-
formed 1n the operation section 11. When the measurement
ending operation has not been performed, the subroutine 1s
executed again in STEP S8, while when the measurement
ending operation has been performed, total calorie consump-
tion during sleep 1s calculated from the consumed calories
calculated by the subroutine executed 1n the above STEP S8
in the arithmetic section 8 in STEP S10. In subsequent STEP
S11, the above total calorie consumption 1s displayed 1n the
display section 12. Thereby, the present apparatus 1 ends the
measurement.

Next, operations 1n the subroutine for calculation of con-
sumed calories based on body oscillations during sleep 1n the
above STEP S8 of FIG. 3 will be described by use of the
flowchart of FIG. 4. In STEP S21 of FIG. 4, the control
section 4 1 the CPU 9 controls the detection section 2 to
sample data. In STEP S22, it 1s determined whether sampled
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data for a predetermined measurement epoch has been
obtained. When the sampled data for the measurement epoch
has not yet been obtained, data 1s sampled again in STEP 521,
while when the sampled data for the measurement epoch has
been obtained, body motion signals are determined in the
determination section 5 based on the above sampled data
which 1s a body oscillation signal detected by the detection
section 2 1n STEP S23. FIG. 7 illustrates an example of the

wavelorms of the body motion signals. In FIG. 7, a) 1s an
overall view of the wavetorms and b) 1s an enlarged view of a
portion of the wavelorms. The horizontal axis represents
numeric values used to count the number of samplings of each
wavelorm, and the vertical axis represents numeric values
used for relative evaluation of the magnitude of the amplitude
of each wavelorm. In particular, the numeric values of the
vertical axis have substantially no significance except that
around 1ts center 1s set at 500 according to a relationship with
the resolution of the AD converter to be described later. The
determination of the body motion signals 1s performed by
determining amplitudes (amplitudes al, a2, a3, etc. in FIG.
7), periods (pl, p2, p3, etc. 1n FIG. 7) and the number of
samplings which constitute one wavetorm (for example, the
number of samplings which constitute a wavetorm with a
wavelform number 1 1n FIG. 7 1s 53) for wavelorms (wave-
form numbers 1, 2, 3, etc. in FIG. 7) each of which 1s a
wavelorm of exactly one period 1n the waveiorm of the body
oscillation signal in the above measurement epoch, storing
these data 1n the storage section 10 and determining signals
which satisty at least one of the following two conditions as
the body motion signals. One of the conditions 1s that the
amplitude of the above one wavetorm 1s equal to or larger than
a predetermined threshold A0, and the other condition 1s that
the variance of the amplitude of one wavetorm of interest and
the amplitudes of wavetforms before and after the wavetform
of interest 1s equal to or larger than a predetermined threshold
B0. In this step, this determination 1s made on the whole
wavelorm of the body oscillation signal 1n the measurement
epoch, and the result of the determination on each wavetorm
1s stored 1n the storage section 10. At that time, wavelorms
determined as the body motion signals are stored, together
with counts, 1n the counter provided in the CPU 9. The above
thresholds A0 and B0 are thresholds for determining breath-
ing/heartbeat oscillations and body motions and are values
determined based on actually measured data.

Operations 1n STEPS S24 to S26 are operations repeated
for each of the counts of the above stored body motion sig-
nals. That 1s, a body motion signal (one wavelorm) of one
count 1s read from the storage section 10 in STEP S24, the
body motion intensity of the above body motion signal 1s
determined and the result of the determination is stored in the
storage section 10 in association with the body motion signal
of one count in STEP S25, and 1t 1s determined in STEP S26
whether body motion signals of all counts have been pro-
cessed. If not, a body motion signal of the next count 1s read
in STEP S24 so as to determine the intensity of the body
motion signal of the next count.

Next, the above determination of the body motion intensity
in STEP S235 will be described. In general, it 1s known that the
intensities of exercises 1n one’s life are classified as strong,
normal, weak and very weak and each average calorie con-
sumption 1s represented by the following expressions in
which Wt represents a body weight value and Sex represents
a sex coellicient (male: 0.001, female: 0) according to this
classification.

Average Consumed Calories 1 Strong Exercise: SPMR
(kcal/min)=Wtx(0.156+12xSex)
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Average Consumed Calories 1n Normal Exercise: NPMR

(kcal/min)=Wtx(0.077+7xSex)

Average Consumed Calories in Weak Exercise: WPMR (kcal/
min)=Wix(0.048+3xSex)
Average Consumed Calories m Very Weak

VWPMR (kcal/min)=Wtx(0.025+2xSex)

The above determination of the body motion intensity 1s
based on this, and body motions are classified into 4 levels,
1.e. strong body motion, normal body motion, weak body
motion and very weak body motion, according to the prede-
termined magnitudes of the amplitudes of body motion sig-
nals, and the average consumed calories of each body motion
correspond to the above average consumed calories of the
intensities of exercises. For example, as shown in a body
motion intensity determination table shown in FIG. 6, body
motions are classified according to the ranges of the magni-
tude of the amplitude A of body motion signal. The numerical
values of A0 to A3 and B0 are values determined based on
actually measured data, and 1t 1s needless to say that
A0<A1<A2<A3. For example, body motions observed dur-
ing sleep include rolling over ivolving a large twisting
motion of a whole body, stretching and contraction of pressed
hands and legs, and coughing, and A0 to A3 and B0 are set
arbitrarily stepwise by a manufacturer of the apparatus which
runs these motions with actually measured data.

Further, at that time, Area(n) which 1s an area formed by
line segments (line segment 1, line segment 2, etc. in FIG. 7)
linking sampling values which constitute the above one wave-
form and a straight line (hereinatfter referred to as “baseline™)
which links sampling reference values (in this case, points
where the magnitudes of the sampling values are zero) which
are bases for the magnitudes of the above sampling values 1s
determined for each one wavelorm described above. The
baseline 1s determined by an offset value which can be deter-
mined by the resolution of the AD converter used to analyze
wavelorms. For example, 1n the example shown in FIG. 7,
since the AD converter has a resolution of 2'°, the baseline is
set at the middle point of 2'°, i.e. 512. The above Area(n) is
calculated from the total of absolute values of the differences
between each sampling value Sample(n) (each sampled data
in the measurement epoch) and the above baseline value
Sample(0) in accordance with the following expression
wherein t represents one sampling time.

Exercise:

Area(n)=2(ISample(n)-Sample(0)Ix7)

Further, a sampling zone and the above area are determined
for each body motion signal appearing in the measurement
epoch, and the totals thereof are determined for each body
motion intensity and stored in the storage section 10. The
above sampling zone and the area of the zone are defined as
follows.

Measurement Epoch (Total Sampling Period): Epoch(sec)
and Total Area in the Period: Area(x)
Total of Sampling Zones of Strong Body Motion:

(sec) and Total Area in the Zones: Areal
Total of Sampling Zones of Normal Body Motion: Epoch2

(sec) and Total Area 1n the Zones: Area2

Total of Sampling Zones of Weak Body Motion: Epoch3(sec)
and Total Area in the Zones: Area3

Total of Sampling Zones of Very Weak Body Motion: Epoch4

(sec) and Total Area in the Zones: Aread

After completion of the above body motion determination
on all counts 1n the measurement epoch, 1t 1s determined 1n
STEP S27 whether there are body oscillations determined as
body motions 1n the above measurement epoch. That 1s, 1t 1s
determined whether the sleep state 1s a static sleep state
involving only breathing/heartbeat oscillations or a dynamic
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sleep state involving body motions. When there are no body
motions, the body oscillation signal in the measurement
epoch 1s a breathing/heartbeat oscillation signal. That 1s, 1t 1s
determined that the measurement epoch 1s 1n the static sleep
state, and 1t 1s further determined in STEP S28 whether a
coellicient (heremnaiter simply referred to as “coelficient™)
corresponding to a reference value for calculating consumed
calories of the body oscillation signal 1n the measurement
epoch 1s stored 1n the storage section 10. When the coetficient
1s not stored, the above coeflicient 1s calculated and set in the
coelficient calculation section 6 in STEP S29, and STEP S31
to be described later, 1.e. a consumed calorie calculation step,
1s performed, while when the coelficient 1s stored, the above
STEP S31 i1s performed without performing the procedure 1in
the above STEP 529,

Next, calculation and setting of the coellicient in the above
STEP S29 will be described. First, the above coeflicient 1s
calorie consumption per unit area E_area (kcal/min) which 1s
calculated based on Areal which 1s an area formed by line
segments linking sampling values and a baseline which 1s a
basis for the magnitudes of the above sampling values and
SMR (kcal/min) calculated and stored in STEP S5 of FIG. 3
in the above measurement epoch Epoch(sec) which 1s a sam-
pling period 1n the above static sleep state. The above coetii-
cient 1s calculated 1n accordance with the following expres-
S1011.

E_area=SMRxEpoch/60(sec/min)/ Area0

The above area Area0 1s calculated from the total of absolute
values of the differences between each sampling value
Sample (x) (each sampled data 1n the measurement epoch)
and the above baseline value Sample(0) in accordance with
the following expression wherein t represents one sampling
time.

Area0=2(|Sample(x)-Sample(0)Ix?)

Meanwhile, when 1t has been determined in the above
STEP S27 that there are body motions in the measurement
epoch, 1t 1s determined 1n STEP S30, as 1n the above STEP
S28, whether the above coefficient has been set, 1.e. whether
it 15 stored 1n the storage section 10. When the coelficient 1s
stored, STEP S31, 1.e. the consumed calorie calculation step
1s performed, while when the coellicient 1s not stored, the
apparatus returns to the main routine shown 1n FIG. 3.

Consumed calories E 1n the measurement epoch in the
above STEP S31 are represented by the following expression
and are stored in the storage section 10 1n advance.

E=FE areax(Area(x)-Areal-Area2—Area3—Aread)+
SPMRxEpochl/60+NPMRxEpoch2/60+ WPMRx
Epoch3/60+VWPMRxEpoch4/60

That 1s, consumed calories when 1t has been determined 1n the
above STEP S27 that there are no body motions in the mea-
surement epoch, 1.e. 1t has been determined that the measure-
ment epoch 1s a static sleep state are calculated from
E=E_areaxArea(x) based on the above expression. Conse-
quently, as described above, the consumed calories E 1n the
measurement epoch are calculated in the consumed calorie
calculation section 7 by having the coetlicient E_area by the
coellicient calculation section 6, the body weight and sex
entered as body information and the sampling zone and area
of the zone of each body motion based on the above body
motion itensity determination available for calculation of
the consumed calories E.

Although the total calorie consumption during sleep which
1s calculated in STEP S10 of the flowchart of FI1G. 3 1s stmply

displayed 1n the subsequent STEP S11, it may be used as a
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parameter for determining a so-called sleep period or sleep
quality from the above total calorie consumption or, for
example, transition in consumed calories 1 each measure-
ment epoch.

Further, although the intensity of body motion 1s deter-
mined from the magnitude of the amplitude of body motion
signal, the intensity of body motion may be alternatively
determined from the magnitude of the period of body motion
signal.

Further, although the area formed by the baseline of each
body oscillation signal 1s calculated based on the differences
between each sampled data and the baseline, 1t may be an
integration value based on line segments linking adjacent
sampled data and the baseline.

What 1s claimed 1s:

1. An apparatus for measuring calories consumed during
sleep, comprising;:

an 1put section,

a detection section,

a calculation section,

a determination section,

a coefficient calculation section,

a consumed calorie calculation section, and

a storage section,

wherein

the 1input section mputs the body information of a subject,
the detection section detects body oscillations during sleep
and generates body oscillation signals responsive to the
body oscillations, and comprises a mat to detect body
oscillations including breathing and heartbeat oscilla-
tions and body motions of a human body lying on bed-
ding disposed between the human body and the mat,
the calculation section calculates consumed calories based
on the body oscillations,
the determination section determines whether each signal
of body oscillation during sleep 1s a signal of breathing/
heartbeat oscillation or a signal of body motion and
determines the intensity of the body motion based on the
magnitude of the signal of body motion,
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the coetficient calculation section calculates a coetficient
which 1s a reference value for calculating calories con-
sumed during sleep, based on the signals in a given
period of breathing/heartbeat oscillation and a sleep
metabolic rate which 1s obtained based on the input body
information,
the consumed calorie calculation section calculates calo-
ries consumed during sleep, based on consumed calories
according to the magnitude of the signal of breathing/
heartbeat oscillation, consumed calories according to
the magnitude of the signal of body motion, and the
coelficient,
the storage section stores at least thresholds for making
determinations in the determination section, an arith-
metic expression for calculating the coellicient, and an
arithmetic expression for calculating the calories con-
sumed during sleep 1n advance,
the consumed calorie calculation section calculates an area
formed between the wavelorm of each signal and a base-
line which 1s a basis for waveform formation as the
magnitude of each signal, and
the consumed calorie calculation section calculates con-
sumed calories according to the magnitude of the signal
of body motion, based on the total of sampling zones for
cach body motion intensity and the total of the areas.
2. The apparatus of claim 1, wherein the determination
section 1s adapted to determine whether each signal of body
oscillation during sleep 1s a signal of breathing or heartbeat
oscillation or a signal of body motion by determining signals
which satisiy at least one of two conditions as the signal of
body motion, one of the conditions being that the amplitude
of the wavetorm of exactly one period of the signal of body
oscillation 1s equal to or larger than a predetermined thresh-
old, and the other condition being that the variance of the
amplitude of the wavetorm of exactly one period of the signal
of body oscillation and amplitudes of wavetorms before and

alter the wavetorm 1s equal to or larger than another prede-
termined threshold.
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